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(1)  Mineralogisch-Petrologisches I n s t i t u t ,  U n i v e r s i t a t  Bonn, FRG 
( 2 )  D e p t .  o f  Geology,  U n i v e r s i t y  o f  Mysore,  I n d i a  
A t  Kottavattam, l e u c o c r a t i c  g r a n i t i c  g a r n e t - b i o t i t e  g n e i s s e s  
(age  < 2 G a )  h a v e  b e e n  p a r t i a l l y  t r a n s f o r m e d  t o  c o a r s e - g r a i n e d  
c h a r n o c k i t e  a l o n g  a s y s t e m  o f  c o n j u g a t e  f r a c t u r e s  (N70E a n d  N20W) 
a n d  t h e  f o l i a t i o n  p l a n e s  ( N 6 0 ~ 8 0 W ;  d i p  8 0 ~ 9 0  S W ) . a b o u t  5 5 0  m.y. 
ago. (1). To e x a m i n e  a n d  q u a n t i f y  c h a n g e s  i n  f a b r i c ,  m i n e r a l o g y ,  
pore f l u i d s  a n d  c h e m i c a l  c o m p o s i t i o n ,  a s s o c i a t e d  w i t h  t h i s  
process, l a rge  r o c k  s p e c i m e n s  s h o w i n g  g n e i s s - c h a r n o c k i t e  t r a n s i -  
t i o n  were s t u d i e d  i n  d e t a i l .  
The  g n e i s s e s  e x h i b i t  a s t r e a k y  f o l i a t i o n  d e f i n e d  by b i o t i t e ,  
w h i c h  i s  p a r t l y  o b l i t e r a t e d  b y  a d i f f u s e  n e t w o r k  of g a r n e t -  
b e a r i n g  l eucosomes .  T h i s  t y p i c a l  m i g m a t i c  t e x t u r e  i s  c o m p l e t e l y  
e x t i n g u i s h e d  i n  t h e  c h a r n o c k i t i z e d  z o n e s  d u e  t o  t h o r o u g h  r e c r y s -  
t a l l i z a t i o n  a n d  c o n s i d e r a b l e  c o a r s e n i n g .  E x c e p t  of t h e  p a r t i a l  
b r e a k d o w n  of b i o t i t e  a n d  t h e  n e o b l a s t e s i s  o f  h y p e r s t h e n e ,  o n l y  
m i n o r  c h a n g e s  i n  m i n e r a l o g y  a n d  modal  c o m p o s i t i o n  are  observed 
( g n e i s s :  k f s p  2 6 - 3 0 ,  q t z  2 8 - 3 0 ,  p l a g  2 2 - 2 7 ,  g a r  6 -10 ,  b i o  6 -10 ;  
c h a r n o c k i t e :  k f s p  27-30, q t z  24-28, p l ag  26-29, g a r  6-10, b io  2-  
4 ,  opx c . 5 ) .  I l m e n i t e ,  p y r r h o t i t e ,  g r a p h i t e  + r u t i l e  a n d  magne- 
t i t e  o c c u r  i n  b o t h  t h e  g n e i s s  a n d  c h a r n o c k i t e ,  t h u s  i n d i c a t i n g  a 
c o m p a r a b l e  i n t e r n a l  b u f f e r i n g  of pore f l u i d s  t o  l o w  f u g a c i t i e s  of 
w a t e r  a n d  o x y g e n ,  b u t  t o  h i g h  f u g a c i t i e s  o f  c a r b o n  d i o x i d e .  A 
comparable, t h o u g h  complex e v o l u t i o n  of t h e  pore f l u i d s  i n  gne iss  
a n d  c h a r n o c k i t e  i s  a l s o  documen ted  b y  t h e i r  s i m i l a r  f l u i d  i n c l u -  
s i o n  c h a r a c t e r i s t i c s  ( 2 ) :  r e l i c  b r i n y  i n c l u s i o n s  ( + s a  t)--- 
medium- t o  l o w - d e n s i t y  c a r b o n i c  i n c l u s i o n s  (0.70-0.86 g/cm ; 
4-10 m o l %  N 2 ,  < 1 m o l %  h y d r o c a r b o n s ) - - - n i t r o g e n  i n c l u s i o n s  ( u p  t o  
1 4  m o l %  CO , < 1 m o l %  h y 9 r o c a r b o n . s )  --- m e d i u m - d e n s i t y  w a t e r y  
i n c l u s i o n s  30.89-0.94 g/cm ) a n d  mixed  COq-H20  L i n c l u s i o n s  f o r m i n g  
c l a t h r a t e  ices. 
3 
The c h e n i i c d i  J a t a  show t h a t  ' i n - s i t J '  c h a r n o c k i t i z a t i o n  a t  
K o t t a v a t t a m  w a s  e s s e n t i a l l y  a n  i s o c h e m i c a l  process: 
S i 0 2  A 1 2 0 3  FeO MnO MgO CaO N a 2 0  K 2 0  T i 0 2  P2O5 
gn:  68 .1  1 3 . 6  5 .6  0.08 1.1 2.4 2.5 4 .4  0.90 0 .38  
I ch:  67 .9  14 .0  4 . 7  d.04 0 .9  2 .3  2.7 5 . 3  0.87 0.36 
R b  S r  B a  Z r  v Zn L a N  YbN E U ~ / E U ~ *  8180 
gn:  220 130  1055  3 4 4  1 0 5  6 5  1 3 2  32 0.2 1 0 . 3 Yo0 
c h :  216 1 4 1  1032 349 70 6 3  1 3 2  20  0 . 3  1 0 . 3  
https://ntrs.nasa.gov/search.jsp?R=19890012869 2020-03-20T02:30:12+00:00Z
Gneiss-Charnockite Transformation 
Raith, M., Klatt, E., Spiering, B., Srikantappa, c., Stable, H.J. 
141 
The c o m p o s i t i o n s  o f  m i n e r a l  p h a s e s  i n  t h e  g n e i s s  a n d  c h a r n o -  
c k i t e  a s s e m b l a g e s  are almost  i d e n t i c a l :  g a r n e t s  ( a l m  75-76, p y r  
1 3 - 1 5 ,  g r o  7-9 ,  spe 21, b i o t i t e s  ( X  0,47-0.53;  T i  0.55-0.64 
a toms p.f.u.1, p l a g i o c l a s e s  (An 32-36Ygor 1-21,  K - f e l d s p a r s  ( O r  
78-84, Ab 15-20, An 1-21, i l m e n i t e s  ( > 9 8  FeTi03) ;  o r t h o p y r o x e n e s  
c o u l d  n o t  be a n a l y s e d  d u e  t o  complete a l t e r a t i o n .  
P-T e s t i m a t e s  o b t a i n e d  f r o m  u p - d a t e d  c a l i b r a t i o n s  o f  
g a r n e t - b i o t i t e  t h e r m o m e t r y  a n d  garnet-plagioclase-quartz- 
i l m e n i t e - r u t i l e  b a r o m e t r y  i n d i c a t e  t h a t  e q u i l i b r a t i o n  o f  t h e  
g n e i s s  a n d  c h a r n o c k i t e  a s s e m b l a g e s  o c c u r r e d  a t  i s o t h e r m a l -  
i s o b a r i c  c o n d i t i o n s ,  i.e. 750  + 1 0  OC a n d  5.6 + 0.2 k b  l i t h o -  
s t a t i c  p r e s s u r e .  
T h e  r e s u l t s  o f  t h e  p r e s e n t  s t u d y  cor robora te  t h e  c o n c e p t  
t h a t  c h a r n o c k i t e  f o r m a t i o n  a t  Kot tava t tam i s  a n  i n t e r n a l l y -  
g e n e r a t e d  phenomenon (1) and  w a s  n o t  t r i g g e r e d  by t h e  i n f l u x  o f  
c a r b o n i c  f l u i d s  f r o m  a d e e p - s e a t e d  s o u r c e  (3 ,4 ) .  W e  s u g g e s t  t h a t  
c h a r n o c k i t i z a t i o n  w a s  c a u s e d  by t h e  f o l l o w i n g  mechanism: 
( i )  N e a r - i s o t h e r m a l  d e c o m p r e s s i o n  d u r i n g  u p l i f t  o f  t h e  g n e i s s  
c o m p l e x  l e d  t o  a n  i n c r e a s e  of t h e  pore f l u i d  p r e s s u r e  ( P f  u i d  
> P l f t h )  wh ich  - i n  a regime o f  a n i s o t r o p i c  stress - t r i gge re i  or 
a t  eas t  promoted t h e  deve lopment  o f  c o n j u g a t e  f r a c t u r e s .  
(ii) The s i m u l t a n e o u s  release o f  pore f l u i d s  f r o m  b u r s t i n g  f l u i d  
i n c l u s i o n s  and  t h e i r  escape i n t o  t h e  d e v e l o p i n g  f r a c t u r e  s y s t e m  
u l t i m a t e l y  i n i t a t e d  t h e  d e h y d r a t i o n  r e a c t i o n  ?=.e. t h e  breakdown 
o f  b i o t i t e  a n d  n e o b l a s t e s i s  o f  h y p e r s t h e n e ) .  
(iii) T h e  i n t e r n a l  g e n e r a t i o n  a n d  b u f f e r i n g  o f  t h e  f l u i d s  a n d  
t h e i r  p r o b a b l y  l i m i t e d  m i g r a t i o n  i n  a n  e n t i r e l y  g r a n i t i c  r o c k  
s y s t e m  e x p l a i n s  t h e  a b s e n c e  of any  s i g n i f i c a n t  m e t a s o m a t i c  m a s s  
t r a n s f e r ,  a s  o p o s e d  t o  t h e  e x t e r n a l l y  c o n t r o l l e d  K a b b a l d u r g a -  
t y p e  c h a r n o c k i t i z a t i o n  ( 4 , s ) .  
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